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Astronauts who have flown in microgravity have experienced a loss in red cell
mass. The pathogenesis of the anemia of space flight has not been ascer-
tained, but it is probably multifactorial.

In 1978, our laboratory was selected to participate in life sciences studies
to be carried out in our space shuttle in an attempt to study the pathogenesis
of space "anemia." In particular, the original studies were to be made in
mice. This was later changed to study erythropoiesis in rats during space
flight. In addition, three additional studies were accomplished during the
period of this grant.

1. The requlation of rematopoiesis in rats exposed to antiorthostatic
hypokinetic/hypocyramia. Two publications resulted from these studies.

A. Dunn CDR, Johr.con PC, Lange RD, Perez L, Nessel R: Regulation of
hematopoiesis in rats exposed to antiorthostatic hypokinetic/
hypodynamia: 1. model description. Aviat Space Environ Med
56:419-426, 1¢C5.

B. Dunn CDR, Jokrson PC, Lange RD: Regulation of hematopoiesis in rats
evxposed to antiarthostatic hypokinetic/hypodynamia: 11. mechanisms
of the "sneniz.' Aviat Space Environ Med 57:36-44, 1986.

2. The principal irvcstigator was a co-investigator of hematology studies
carried out on Specelab 1 and in bedrest studies. Three publications
resulted from thece studies.

A. Leach CS, Joknson PC:  Influence of spaceflight on erythrokinetics
in man. Science 225:216-218, 1984,

B. Leach CS, Cher JP, Crosby W, Dunn CDR, Johnson PC, Lange RD, Larkin
E, Tavassoli M: Spacelab 1 hematology experiment (INS103): Influ-
ence of space flight on erythrokinetics in man. NASA Technical
Memorandur &€7€€, August 1985.



C. Dunn CDR, Lange RD, Kimzey SL, Johnson PC, Leach CS: Serum
erythropoietin titers during prolonged bed rect; relevance to the
"anaemia" of space flight. Eur J Appl Physial £7:178-187, 1984,

3. The principal investigator participated in hemstclegic studies on rats
flowr on shuttle engineering flight SL-3. Two putlications resulted and
one article in press.

A. Lange RD, Andrews RB, Gibson LA, Wright P, Dunn CDR, Jones JB:
Hematologic parameters of astrorats flown on SL-3. The Physiologist
28(suppl 6):5195, 1985,

B. lange RD, Andrews RB, Gibson LA, Congdon CC, Wright P, Dunn CDR,
Jones JB: Hematological measurements in rats flown on spacelab
shuttle SL-3. Am J Physiol 252:R216-R271, 1987.

C. Lange RD, Andrews RB, Gibson LA, Wright P, Dunn CDR, Jones JB:
Hematological studies on rats flown on shuttle flight SL-3. 1In:
Regulation of Erythropoiesis. PMA Publishing Corp (in press).

The comparative aspects of hematological responses in animal and human models
in simulations of weightlessness and space flight, we published in 1987.

Lange RD, Jones JR, Johnson PC: Comparative aspects cf hematological
responses in animal and human models in simulations o< weightlessness and
space flight. The Physiologist 30(suppl 1):53113-S11€6, 1087,

The studies have been continued under Grant NAG2-494.

Copies of abstracts of the papers, together with a reprint of the last cited
paper are enclosed.
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Regulation of Hematopoiesis in Rats
Exposed to Antiorthostatic, Hypokinetic/
Hypodynamia: I. Model Description

C.D.R. DUNN.PH.D.. P. C. JOHNSON, M.D., R. D. LANGE,
M.D.. L. PEREZ. B.S.. and R. NESSEL. B.S.

Life Sciences Laboratory, Northrop Services Inc., Houston.
Texas, Division of Experimental Biology, Baylor College of
Medicine, Houston, Texas: Medical Research Branch, NASA-
Johnson Space Center. Houston, Texas; and University of
Tennessee Memorial Research Center. Knoxville, Tennessee

DUNN CDR. JOHNSON PC. LANGE RD. PEREZ L. NESSFI
R. Regidatton of hemuatopoteses i rats exposed 10 antiorthostatic,
hypokinetichypodvnamia: 1. model description. Aviat, Space
Environ. Mcd 1985 36-419-26

This poper provides baseline information regording the regulo-
tion of hematopoiesis in antiorthostatic, hypokinetic/hypodynamic
{"suspended”) laboratory rats. The object of the study was fo
compare the hematological effects of suspension with those seen
following space flight in man and/or rats. Observed in man aofter
exposure 1o microgravity and in the suspended rats wos o reduced
red blood cell mass, suppressed erythropoiesis, a transient
increase in hematocrit due to a reduction in plasma volume,
o post-exposure hematocrit decrease, a weight loss (or failure
to thrive) and o reduction in food and water consumption. A
rightward shift in the oxyhemoglobin dissociation curve, observed
in the rat “model”, has been predicted 1o occur during manned
space flight but has not yet been measured. Suppression of
hematopoiesis is a common feature of rats during both space Hight
and suspension. Platelet counts showed no significant change in
rats ofter suspension or in man during space flight. Unlike man
in space but similar to space flight-exposed rats, no significant
change in leukocyte number or reactivity to PHA in vitro, or in
red blood cell shape distribution were observed in the suspended
rats. At least in a gross sense, the rat “model” seems to reproduce
many of the known hematological effects of space flight and offers
promise as a 1 - g anclog for understanding hemoatopoietic elfects
similor to those found in spoce flight.

This manuscript was received for review in July 1984: the revised
manuscript was accepted for publication in November 1984

At the time this paper was written author Dunn was with the Life
Sciences Laboratory, Northrop Services Inc., Houston, TX: authars
D}lnn. Perez. and Nessel were with the Division of Experimental
Biology, Baylor College of Medicine, Houston. TX; author Johnson
was with the Medical Research Branch. NASA-Johnson Space Center.
Houston, TX: and author Lange was with the University of Tennessee
Memorial Rescarch Center, Knoxville. TN.

Address correspondence to C.D.R. Dunn, Ph.D.. 26 Dryleaze,
Wolton-under-Edge. Glos.. GL12 TAN, England.

ABORATORY RATS exposed to antiorthostauc,
hvpokinetic’hvpodvnamia have proven to be
useful in duplicating some of the cardiovascular (19),
bone (15) and muscle (16.23) changes associated
with the cephaled fluid shift and relative immobility
encountered by man during space flight. In this paper
we describe the hematological effects of suspension with
particular emphasis on ervthropoiesis since it is the
regulation of red blood cell production which is most
consistently associated with changes following space
flight. The objective of these studies was to determine if
suspended rats showed hematological effects which were
comparable to the information available from rats and
man after exposure to microgravity. Most importantly
and similar to subjects exposed to space flight (9).
suspended rats demonstrate a significant decrement in
red cell mass. The mechanisms responsible for this
“anemia” are still under investigation.

MATERIALS AND METHODS

Male. Sprague-Dawley rats were obtained from
Harland. Spague-Dawley, IN. Animals weighing 150
175 gm at the start of suspension were used except
where otherwise noted. The rats were caged individually
in standard stainless steel cages with sawdust bedding.
Lighting was on a 12-h:12-b light:dark cycle and the
ambient temperature was 28°C. The animals arrived in
the vivarium at least 7 d prior to use and body weight
and the weight of food (Purina Rodent Chow) and water
(both available ad libitumy) lost from the cage containers
were monitored daily. Any rats (<1% of the total
number used) demonstrating abnormal growth and/or
food and water consumption during this stabilization

Aviation. Space. and Environmental Medicine * May, 1985 419
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Regulation of Hematopoiesis in Rats
Exposed to Antiorthostatic Hypokinetic/
Hypodynamia: Il. Mechanisms

of the “Anemia”

C.D.R. DUNN, PhD., P.C. JOHNSON, MD.. and RD.
LLANGE, M.D.

Life Sciences Laboratory, Northrop Services, Inc., Houston.
Texas; Division of Experimental Biology, Baylor College of
Medicine, Houston, Texas, Medical Sciences Division, NASA-
Johnson Space Center, Houston, Texas;, and University of
Tennessee Memorial Research Center, Knoaville, Tennessee

DUNN CDR. JOHNSON PC. LANGE RD Regulation of

mdtopotests 1n rais exposed (o antiorthosiatic hypokineticthypody-
namia- . Mechanisms of the “anemia * Aviat. Space Environ. Med.
0000 (x}:00000.

Results are presented which demonstrate a close similarity
between the ability of ontiorthostatic hypokinetic/hypodynomia
and orthostatic hypokinetic/hypodynamio 1o induce anemia in
laborctory rats.  The “restraint cnemic” (whether mediated
directly by reduced activity or indirectly by possible changes
in blood circulation or in altered weighi-becring copacity of
the skeleton) wos fargely due to reduced food and/or water
consumption and displayed the classical symptoms of inadequate
nutrition, ie. decreased serum erythropoietin (Ep) titers and
reduced Ep sensitivity of hematopoistic fissue. Only changes in
red blood cell (RBC) clearance were wnique to the head-down
(antiorthostatic) posture. During suspension, RBC clearance was
reduced and then accelerated when suspension was terminated or
* the cells tronfused into 6 normal environment. Changes in RBC
clearonce were due to both cell-associoted and cell-independent
factors and may be reloted 10 the alterotions in RBC survival seen
in rats during or immediately after space flight. In both suspension
and weightlessness, these chonges were limited to alterations in
the force and/or direction of the gravity vector.

RECENTLY, WE (5) REPORTED that laboratory

rats subjected to antiorthostatic hypokinetic/hy-
podynamia (i.e. head-down suspension) exhibited ef-
fects grossly similar to those seen in rats following space
flight. In both situations, the red cell mass (RCM)
was decreased, production of red blood cells (RBCs)
as impaired, there was a transient elevation of the

natocrit due to a reduced plasma volume (PV), and

Reprint requests to:  Robert D. Lange, M.D., University
of Tennesse¢ Memonal Research Center. 1924 Alcoa Highway,
Knoxville. TN 17920.

This manuscript was received for review in November 1984, The
revised manuscript was accepted for publication in May 1985

there was no change in RBC shape distribution. /n vitro
leukocyte reactivity to the mitogen phytohemagglutinin
was unchanged and platelet counts also showed no
significant alteration. During both suspension and space
flight, rats consumed less food and water than did
control animals and either lost body weight and/or failed
to grow at the normal rate.

This report describes the results of studies designed
to investigate the mechanism of the RCM deficit, or
“anemia,” which occurred in rats during suspension.
It is demonstrated that both RBC production and
destruction were altered during antiorthostatic suspen-
sion. However, the magnitude and direction of the RBC
production changes were almost totally explicable in
terms of the physical restraint of the rats (and associated
reductions in food and water consumption) while
alterations in the direction of the gravity vector (i.e.
the head-down, antiorthostatic posture) were important
only in the context of abnormalities of RBC clearance.

MATERIALS AND METHODS

Male, Sprague-Dawley rats were obtained from
Harland, Sprague-Dawley, Indianapolis, IN. Rats
weighed 150-175 g at the start of suspension. Body
weight and the disappearance of food (Purina rodent
chow) and water, both available ad libirum except
where otherwise stated, from the cage containers were
monitored daily. Rats were used in the studies only
if they exhibited a consistent growth rate during at
least a 7-d period of acclimatization after delivery from
the vendor to the vivannum. A 20° head-down angle
during suspension, with the rear limbs elevated, was
obtained using the jacket and harness arrangement
described previously (5). In some experiments, this
system was modified so that the animals were suspended
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ABSTRACT

An experiment conducted on the 10-day Spacelab 1 mission
aboard the nintn Space Shuttle flight in November to December 19383
#as designed to measure factors involved in the control of erythro-
cyte turnover that might be altered during weiyhtlessness. Blood
sanples were collected before, duriny, and after the fliyht,
Immediately after landing, red cell mass showed a mean decrease of
y.3 percent in the four astronauts. Neither hyperoxia nor an
increase in blood phosphate was a cause of the decrease. Red cell
survival time and iron incorporation postflight were not siygnifi-
cantly different from their preflight levels. Serum haptoglobin
did not decrease, indicating that intravascular hemolysis was not a
major cause of red cell mass change. An increase in serum ferritin
after the second day of flight may have been caused by red cell
breakdown early in flight. Erythropoietin levels decreased during
and after flight, but preflight levels were high and the decrease
was not significant. The space flight-induced decrease in red cell
mass may result from a failure of erythropoiesis to replace cells
destroyed by the spleen soon after weightlessness is attained.

INTRODUCT JON

The most consistent findiny in studies of the influence of space flight
on the hematoloygic system in man has been a significant reduction in the cir-
culating red cell mass {(RCM). Tnis phenomenon has been observed in the Amer-
ican Gemini (Fischer et al., 1967), Apollo (Kimzey et al., 1975), Skylab
(Johnson et al., 1977) and Apollo-Soyuz Test Project (Kimzey and Johnson,
1977) missions and Soviet Soyuz-Salyut missions (Ushakov et al., 1977). Data
fran the Skylab flights suggest that suppression of normal erythropoiesis may
be a cause of red cell mass reduction found after space flight (Kimzey,
1979).

An experiment conducted orn the 10-day Spacelab 1 mission aboard the
ninth Space Shuttle flight in Rovember to December 1983 was designed to meas-
ure factors involved in the control of erythrocyte turnover, particularly
erythropoiesis, in man which might be altered soon after the beginning of
exposure to weiyhtlessness. Many of these hematoloyical and biochemical
paraneters have not previously been measured in blood specimens collected
during space flight.

ME THODS

The mission specialists (MS1 and MS2) and payload specialists (PS1 and

PSZ2) aboard Spacelab 1 were the subjects in the experiment. As a control for
the blood draw protocol and a comparison of actual flight to bed rest, which
simulates some of the effects of space fliyht (Kakurin et al., 1976; Nixon et
al., 1979}, the mission was shmulated on the ground with a group of five sub-
Jects selected from a human subject pool. The simulation subjects were
selected on the basis of similarity of age, weight, sex (male), physical
condition, and overall health szatus to those of the Spacelab crew. For

QEirAl PonE IS



7

,67‘f§f{_. /(4575V1$'/’

COMPALETIVE ASPECTS OF HIMATOLOGICAL RESPONSEC IN
ANTMAC AN HUMAN MODILS IN SIMULATIONS OF
WEIGHTLESSNESS AN SPACE FLIGHT

R.DO. Lange’, J.B. Jones®,
and F.C. Johnsor, Jr.?

'Department of Mecical Biclogy, Knosville Unit of
University of Tennessee College of Medicine,
19¢4 Alcoa Highway, knoxville, lennessee 37970

‘Department of Environmental Practice, Univercity
of Tennessee College of Veterinary Medicine,
Knoxville, Tennecsee 3701¢

’NASA/Johnson Space Center, Houston, Texas 7705&

This paper reviews some human and anima)
responses to space flight as well a< in control
models in simulations of weightlessness.
Astronauts after space flight have beer founc to
have a decreased red blood cell mass and plasrz
volume. The reason for these changes is yrhrown
but appears to be caused primarily by a decrease
in the need of red blood cells in the weightless
condition, Similar though more moderate changes
have been found in humar subjects subjected to
prolonged bed rest or water immersior. What
happens to the red cell mass of laboratory rate
flown in microgravity is not known but rats have
shown an increase in the rate of random red cell
loss in flight suggestina a probable decrease.
Rat models subjected tc either head-down
suspensior or restraint alone have show: a
decrease in red blood cel) masses and a decrease
in their plasma volums,

1. Introduction

Numerous studies have shown that astronauts
after flights have a reduction in their ‘!(r rec
cell mass and '**] HSZ plasma volume ang
consequently a decreasec biood volume (6,267,
Similar chanaes have occurred in hyrar subiects
in simuletione 0f weicrtlessness prodyced by oed
rest with or withost heas-dowr. tilt (1,8,10,13,
14,17,19,24} . Far fewsr studies have been
carried out on animals flown in microgravity and
it is not known whethe the Taboratory rat is a
valid model for the changes which occur in hymars
during space flight (4,5,9,11,12,15,16,21-23",
However, rats subiected to either antiorthostitic
or orthettatic hypodineria‘hypodvna-ia exkibic
some of the same thange: in red cell masc ang
plasma volume found in astronauts a‘ter space
flight {z,3).

We have comizred the hemstolocice) charges
found after space flicnt with changes found i-
simulated weightlessness, Because of liritaziors
in space, we concentrate on the studiec of hu-ar
astronauts and their cimylatec cortrole or
Spacelab 1 (SL-1). The focus or anime! studiec
was on the results fror animals flown on Spacelab
(SL-3) together with ground-based simulatior
experiments. The resulte of these studies have
been previouslty published separately (2,3,11,1¢.
14). Results of other investigators will be
discussed as space perrits,

11. Human Studies

Althougk some of the red biooc celi Chanoes
found in early flights of NASE spacecrat were
undoubtedly due to hyperoxic damage to reZ blood
cells caused by the utilizatior of ar increased
partial pressure of oxygen, the kuscian erpevience
plus the resulte of Skylab and shuttle studiec
effectively rule out hyperoxis a¢ a cause of the
decrease in red cell mass (6,26).

The results of Skylab reticulocyte studies
pointed towards a decreased productior of red
blood cells. This was investigated ir personnel
who flew on SL-1 and in simulation subjezts who
were selected or the basis of similarity of age,
weight, ser (mele), physical condition anc overall
health status (14). During the simylatior of the
inflight perioc, the control sutjects were placed
at -6° head-dowr bed rest for a period egqual to
the flight period. The following table showt the
changes in red cell mass and plasma volume in SL-1
flight personnel, and control subjects.

Table 1, Percent decrease in red cell mess (RCM)
and plasma volume (PV)

RCH Py

St-1, 10 days 9.3* 1.6 6.0 4.3 4
Bedrest, 10 davs 4.6* 1.2 4.¢

*Sionificantly (p<.05) different from pre<light
C 9
measurement,

The changes in reticulocyte numbers are shown
in Table 2.

Table 2. Reticulocvte numbers x 10%/L

Preflight  MD- L*0 148

Flight 64-5 40:15% 24-8* 45-
Bedrest 35:6 36-4 38:-6 3c:

oo

*Sionificantly different (p-.05; from preflight
measurement. ML = mission day; L = landing dav.

As showr. in Table 2 the reticulocyte number
decreesed in the astronavts, indicating a probable
decrease in production of re¢ blooc ceils.
However, this was certainly not complete anc¢ as
showr in Table : incorporatior of radicective iron
injected prefiight was quite sirilar in contrel
ancd flight subiects. The pott-fiight decrease in
the calculated red blooc¢ cell iron incorporation
sugoests an increased red blood cell productior in
crew members,

Table 3. RBZ iron incorporatior S.-1 and bedrest
simulation {. in RB-)

Misl  Mi-7 L4000 L) Lef 142

Flight 1¢ es 8t 9: 85 86
Bedrest 21 86 9N 9¢ 9l 9z

Mi: = mission da,; L = landinz de..

Alen mitigating a complete shutdows cf bone
marrow production is the fact tha: the levele of
serum iron anc iron-binding capacity were
unchanged. This also shows that iron stores are
replete.  Serur ferritin is a measure of iron
stores and on Si-1, as showr in Table 4, there
were sigrnificart increaces seen on MD-7, L+0, and
L+1.  This coslc indicate tha! the iron fror reg
blood cells Jost early in flight was being




Hematological measurements in rats flown

on Spacelab shuttle, SL-3

R. D). LANGE, R. B. ANDREWS, L. A. GIBSON, C. C. CONGDON,

P. WRIGHT, C. D. R. DUNN, AND J. B. JONES

Department of Medical Biology, College of Medicine, Knoxuille, University of Tennessee
Memorial Research Center and Hospital: and Department of Environmental Practice,
College of Veterinary Medicine, University of Tennessee, Knoxuille, Tennessee 37920

LANGE, R. D., R. B. ANDREWS, L. A. GipsoNn, C. C. Conc-
non, P. WriGHT, C. D. R. DUNN, anDp J. B. JoNEs. Hemalo-
logical measurements in rats flown on Spacelab shuttle, S1.-3.
Am. J. Physiol. 252 (Regulatory Integrative Comp. Physiol.
21): R216-R221, 1987.— Previous studies have shown that a
decrease in red cell mass occurs in astronauts, and some studies
indicate a leukocytosis occurs. A life science module housing
young and mature rats was flown on shuttle mission Spacelab
3 (SL-3), and the results of hematology studies of flight and
control rats are presented. Statistically significant increases in
the hematocrit, red blood cell counts, and hemoglobin deter-
minations, together with a mild neutrophilia and lymphopenia,
were found in flight animals. No significant changes were found
in hone marrow and spleen cell differentials or ervthropoietin
determinations. Clonal assays demonstrated an increased
ervthroid colony formation of flight animal bone marrow cells
at ervthropoietin doses of 0.02 and 1.0 U/ml but not 0.20 U/
ml. These results agree with some but vary from other previ-
ously published studies. Ervthropoietin assays and clonal stud-
ies were performed for the first time.

microgravity; blood counts; erythropoietin: erythroid clonal
assays

ASTRONAUTS HAVE A REDUCED RED CELL MASS (RCM)
after exposure to microgravity (13, 29). Since they also
have a decrease in their plasma volume, it was only when
isotope studies of RCM were performed that the reduc-
tion in RCM was detected. Various hypotheses have been
formulated to account for the reduction in RCM, but
these have remained unproven. Far fewer animal studies
of possible hematological changes have heen performed,
and the reported changes vary. Thus some studies have
shown no change in basic red blood cell parameters (9,
11), but others have shown an increase in hematocrit,
red blood cell counts, and hemoglobin determinations
(1.eBlanc, unpublished observations). Although specially
prepared rats have been used as models for physiological
changes occurring in microgravity, it has not been proven
that rats exposed to the microgravity of spaceflight dem-
onstrate the hematological changes found in human as-
tronauts.

On the shuttle flight of SL-3 from April 29 to May 6,
1985, 24 rats were exposed to microgravity. On return,
blood, bone marrow, and splenic tissue was made avail-
able for hematological studies. The results are reported
and include erythropoietin (Ep) and clonal assays for

R216

ervthroid precursors. Some of these results have been
published previously (15, 16).

MATERIALS AND METHODS

Sprague-Dawley rats of two sizes (obtained from Ta-
conic Laboratories) were orbited from Kennedy Space
Center in Florida and landed at Edwards Air Force Base
in California. The rats were then flown to Kennedy Space
Center for study. The small rats weighed from 179 to
264 g preflight and from 202 to 264 g postflight. The
large rats varied in weight from 354 to 405 g preflight
and postflight weighed from 370 to 411 g. The flight
animals were housed in a specially constructed research
animal-holding facility (RAHF). Two groups of control
rats of similar weight were studied. One group was housed
in cages similar to the RAHF (SIM controls), and a
second set.was housed in standard rat cages. Since the
results from the two sets of controls were not statistically
different, only the results of SIM controls are presented.
Average daily food and water consumption did not differ
significantly between flight and appropriate SIM con-
trols (30 g/day; 35 mi/day) (8).

Routine blood studies were carried out by standard
methods on flight and control animals before and after
the flight (30). The “paint brush” technique was used to
make bone marrow and spleen cell preparations (2, 10).
Standard histological techniques were used to prepare
splenic sections. A radioimmunoassay was performed by
a modification (3) of a previously described technique
(1). A modification of Ogawa's methylcellulose method
(16, 22) was used to produce erythroid colonies from
bone marrow cells of six flight and four control animals.
National Institutes of Health (NIH) CAT-1 Ep with a
specific activity of 1,140 U/mg protein was used to stim-
ulate the formation of erythroid colonies. Cultures con-
taining 3 X 10* nucleated cells/milliliter were established
in triplicate in 96-well flat-bottom culture plates. One-
tenth-milliliter cultures were grown in each well. The
cultures were examined with an inverted microscope at
% 100 on days 3, 5, and 6-8 alter the start of the culture.
Five to seven fields were scored for the presence of CFU-
E (colony forming unit-erythroid), which was defined as
colonies containing six or more erythroid cells in a tight
cluster. No large (>128 cells) hemoglobinized colonies
were observed in any cultures.

Statistical analyses were carried out by a multivariate

DAEIS
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Serum erythropoietin titers during prolonged bedrest;
relevance to the “anaemia™ of space flight

C.D.R. Dunn'- 2, R. D. Lange', S. L. Kimzey*, P. C. Johnson?, and C. S. Leach®

"Universty of Tenncssee Memorial Rescarch Center, 1924 Aleoa Highway . Knoxville. TN 37920

TCarrent Affilanons, Life Sciences Laboratony . Notthrap Services Ine . 2O Boy 26, Houston, TN 7723 and
Divivion of Expenmental Biology, Bavior College of Mediane. 1200 Moursund Avenue. Houston, TN 77030

"Deceansed Formerhy of The Bomedical Laboratories Branch. tyndon B Johncon Space Center. Houston, TN 77088

" Medical Research Laboritones Branch and

* Biomedical Laboratories Branch. Lyndon B Johnswn Space Center. Houston, TX 77058, USA

Summary. The overall objective of these studies was
to test the hypothesis that the suppression of
ervthropoiesis. which oceurs during both spaceflight
and bedrest. was mediated by reduction in circulating
levels of erythropoietin. In cach of two 7-dav studies,
groups of subjects were exposed 10 either horizontal
or 6° head-down tilt bedrest and no evidence was
obtained 1o sugpest that the ervthropoictic eftects
were dependent on the angle of rccumbency. An
additional study involved six men who were exposed
to horizontal bedrest for 28 days. Serum ervthro-
poictin titers were not significantly depressed in any
of the subjects but total red cell volume was
decreased. Absolute increases in red cell numbers
and reductions in plasma volume both elevate the
hacmatocrit, but our data suggest that the mechanism
of erythrosuppression in these two instances may he
different.

Key words: Ervthropoictin — Bedrest - Space
flight

Introduction

Astronauts and cosmonauts returning from space
fheht have consistently demonstrated a reduction in
red blood cell mass [or total red cell volume (TRCV))
(Johnson 1983). Available evidence is consistent with
the hypothesis that this “anaemia™ is due to suppres-
sion of red biood cell (RBC)Y production with
increased destruction being of secondary importance

Offprint requeststo- C. D. R Dunn, Senior Scientist, Life Sciences
Laboratory, Northrop Services Inc.. PO Box 34416, Houston,
TX 77234, USA

This work was presented at the Lleventh Annual Meeting of The
International Socicty for Experimental Hematology. Baltimore.,
MD.. August 1982, and has hecn published in abstract form (Exp
Hematol 10 (Suppl 11): 154, 1052)
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(Johnson 1983: Kimzev 1975, 1977). The mechanism
of the suppression is unknown. However. it has been
hypothesized that the increased hacmatocrit. which
apparently occurs secondary to an acute reduction in
plasma volume (PV) and results in a “relative”
mcrease 1 FRCV, suppresses RBC production by
the same mechanism responsible for ervthrosupjpres-
sion after an “absolute™ increase in TRCV following,
for example. RBC transfusion (Kimzey 1975). That
mechanism involves a reduction of serum titers of
erythropoictin (Ep) (Dunn ct al. 1976, 198Ub; Moccia
et al. 1980) and a decrease of certain Ep-responsive
cells in the bone marrow (Dunn et al. 1980b: Gregory
et al. 1973: Peschle et al. 1977). The present studics
were directed at the measurement of serum Ep titers
during prolonged bedrest. Such measurements spe-
cifically test the hypothesis that a “relative™ increase
in TRCV (decreased PV) suppresses erythropoiesis
by the same mechanism as an “absolute” increase in
RBC numbers. and are relcvant to our understanding
of the aetiology of the “anaemia” of space flight.

Materials and methods

The studies were performed on healihv. adult men who gave
fullv-informed consent and were remuncrated for their participa-
tion. In one study. six men were maintained horizomally for 2§
days In two additional studies. a total of 18 men were exposed to
cither continuous horizontal or 6° head-down bedrest for 7 days.
The men were weighed daily, were allowed free movement within
the degree of recumhency. and ate a controlled. nutritionably-ad-
cquate dict (Johnson et al. 1971). Towal volumcs of blood drawn
were equivalent 10 8 Omt RBC - d™} for the 25-day studv. and
9.0ml RBC -d™' for cach of the 7-day studics.

Following complement inactivation by heating at 36° C for
30 min, scrum titers of Ep were determined using the incorporation
of ™Fe inta hacm of foctal mousc liver cells (FMLC) in vitro as
described (Dunn et al. 1975). The results were analvzed with the
analysis of variance tcchmique apphicable to paralicl hine assays
{Nouchedchi et al. 1982).

After the 2R-dav study. it was recognised {Dunn and Gibson
1983: Dumii et al. 19804: Dunn and Lange 19802) that with this
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HEMATOLOGIC PARAMETERS OF ASTRORATS FLOWN ON SL-3

R.D. Lange, R.B. Andrews, L.A, Gibson,
C.D.R, Dunn, and J.B, Jones
(SPON: C. Schatte)

P. Wright,

University of Tennessee Memorial Research Center
Knoxville, TN 37920

Abstract

Hematologic studies were performed on a group
of large and small rats which were sacrificed
after flying in life sciences shuttle engineering
flight SL-3. The results are presented on flight
(F) and control (C} 200 gm rats.

The small flight animals demonstrated a signifi-
cant increase in hematocrits, red blood cell counts,
hemoglobins and peripheral blood percentages of
neutrophils as well as a decrease in percentage of
lymphocytes. Erythropoietin (Ep) determinations
were similar for the two groups as were the bone
marrow and spleen differential counts. In vitro
cultures for erythroid colonies of bone marrow
showed that in response to different doses of Ep,
in all cases where differences were statistically
significant, the F rats had increased colony
counts.

The changes in red cell parameters could be
caused by a decrease in plasma volume. However,
no isotopic studies were possible on this flight
and this lack points up the need for such studies
to determine the red cell mass and plasma volume,

Introduction

Astronauts after flights have experienced a
mild anemia (4,9). A few experiments have been
performed on rats flown in microgravity. Twenty-
four white rats were flown from 4/29/85 to 5/6/85
aboard the shuttle Challenger on an engineering
flight in the space laboratory mode. The results
of hematological studies are presented in this
report.

Methods and Materials

The rats were of two sizes.
small rats weighed from 179 to 264 gms, The large
rats varied in weight from 354 to 405 gms. Post-
flight at the time of dissection these groups of
animals weighed 202 to 264 gms and 370 to 411 gms,
respectively, Fluid intakes averaged 38.2:2.7 ml
for small F rats and 41.5:3.8 ml for C rats.

Routine blood studies were performed by the
usual laboratory methods (10). The methods used
in special tests are referenced in the results
section, Logistically it was not possible to
perform isotope studies to determine red cell mass
and plasma volume.

Results
e results of basic hematclogic parameters are
shown in the following table:

Pre-flight the

The Physiologist, Vol 28, No. 6, Suppl., 198¢

n C(rR+2)' n F(R+0)
Hematocrit % 12 40.70:1.50 12 43.6:1.30
RBC Count 10'%/1 12 5.85:0,28 12 6.46:0.40°
Hemoglobin g/d!} 12 13.50:0.50 12 14.7:0.60
MCV f1 12 69.70:2.20 12 67.8:3.50
MCH Pg 12 23.1021.02 12 22.8:1.22
MCHC g/d} 12 33.10:0.55 12 33.6*1.,51
WBC Count 10°/1 12 7.89:2.0 12 7.88:1.8
WBC-Differential % R
Lymphocytes 12 89.5%2.0 12 77.8:8.4°
Monocytes 12 1.240.9 12 1.6}
Eosinophils 12 0.9:0.7 12 0.9:1.0°
Neutrophils 12 8.2:4.3 12 19.7:7.9°
Spleen Cell-Differential %
Small Lymphocytes 6  79.5*5.0 6 78.7*5.,1
Large Lymphocytes 6 18.7*:4.7 6 19.9:5.2
Neutrophils 6 0.6*0.5 6 1.2°0.4
Normoblasts 6 1,121,006 0.220.2
Bone Marrow-Differential %
Inmature Myeloid 6 7.63*2.0 6 9.23:1.7
Mature Myeloid 6 14.90:4.5 6 16.60%2.7
tosinophils 6 3.77:1.0 6 4.40:1.5
Reticulum Cells 6 0.40:0.3 6 0.57:0.2
Monocytes 6 0.27:0.3 6 0,3020.2
Tissue Basophils 6 0.17:0.2 6 0.10%*0.2
Small Lymphocytes 6 30.00:5.4 6 31.40:10.8
Large Lymphocytes 6 8.17:0.6 6 9.10%1.1
Plasma Cells 6 0.03:0.8 6 0.07:0.2
Immature Erythroid 6 5.07:2.0 6 3.80*1.5
Mature Erythroid 6 29.80:4.5 6 24.60:10.8
Erythropoietin3mu/m’
Radioimmunoassay (1) 6 19,0:3.7 6 16.5*4.6

'R = Recovery day
2significantly different from control (p<.001).
*Kindly performed by Drs. A, Erslev and J. Caro.
The results of the erythroid colony assays on
culture days 3 and 6, performed on bone marrows
obtained from 6 flight animals and 4 control
animals by a modification of the method of Ogawa
(7) are depicted in the following figure:
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Hematological Studies on Rats
Flown on Shuttle Flight SL-3

R. D. Lange, R. B. Andrews, L. A. Gibson,
P. Wright, C. D. R. Dunn, and J. B. Jones

INTRODUCTION

Astronauts who have flown in microgravity have experienced a loss of red
blood cell mass.!'? The pathogenesis of this anemia of space flight has not
been ascertained. although it is probably multifactorial. A few experiments
have been conducted on laboratory animals which demonstrate some of the
sanmie changes found in human astronauts.3*'3 From 04/29/85 to 05/06/85,

~hite rats were flown on the SL-3 mission of the shuttle Challenger.
auchough this was primarily an engineering flight, these animals were stud-
icd upon return. The results of hematologic studies are presented in this
chapter.

METHODS AND MATERIAL

White rats of two sizes were obtained from Taconic Laboratories. Pre-
flight, the small rats ranged in weight from 179 to 264 gms. The large rats
ranged in weight from 354 to 405 gins. Post-flight, at the time of dissection,
these animals weighed from 202 to 264 gms and 370 to 411 gms, respec-
tively. The flight animals were housed in a specially constructed research
animal holding facility (RAHF). Control rats were housed in two types of
cages. One group was housed in cages similar to the RAHF and was called
simulated controls {SIM controls). A second set of controls was housed in
standard rat cages (vivarium controls).

The shuttle Challenger was launched from Kennedy Space Center (KSC)
in Florida and landed at Edwards Air Force Base in California. The animals
were then flown to KSC for dissection.

12




Regulation of Erythropoiesis

Routine blood studies were carried out by standard methods on flight
and control animals before and after the flight.'® Bone marrow and spleen
ccll preparations were made by the “paint brush” technique.!™'* Ery-
thropoietin (Ep) radioinmunoassay was performed by a modification?® of
a previously described technique.?° Ep (purified in Dr. E. Goldwasser’s
laboratory) was obtained from the National Heart, Lung, and Blood Insti-
tute and labeled by the chloramine T method.?’ The polyclonal antibody
was produced in a rabbit and was utilized in the assay at a final dilu-
tion of 1 : 1,000,000. The sensitivity of this assay for rat Ep is about
10 mU/ml.

Erythroid colonies were produced from bone marrow by a modification
of the method of Ogawa.?? The culture ingredients were as follows:

Methylcellulose 2.7% in Iscove’s MEM 30%
Hyclone Co. heat-inactivated FCS 28%
Normal rat serum, heat-inactivated 2%

B-mercaptoethano! (107*M) + 0.4% human

transferrin in Iscove’s {final concentration

of 107*M MCE + 0.04% transferrin) 10%
Penicillin/streptomycin 100 u/100 pcg/ml
Iscove’'s MEM 15-20%

Ep in Iscove’s + 0.5% BSA (Iscove's MEM was
used to bring volumes to 100% as different
quantities of Ep were added) 0-5%

Cells in Iscove’s MEM 10%

Stock tubes containing all culture ingredients, except for Ep, were pre-
pared in advance and stored frozen until use. Three hours before the tissuces
were to be processed, these stocks were thawed, Ep added, and the con-
tents thoroughly mixed. Aliquots of 1.8 ml were dispensed into 12X 75 mm
polystyrene tubes; the tubes were then capped, and placed in a 37°C incu-
bator in an atmosphere of 5% CO; in air.

The fetnurs were tightly wrapped in sterile gauze, both ends were cut
off and a 16-gauge blunt needle fitted on a 3-cc syringe filled with Iscove's
serum-frec media was inserted into the narrow cavity. Marrow was flushed
into the media in a 15 m! conical tube and the femurs were flushed threc
more times.

The mixture was centrifuged at 1,200 rpm for 10 minutes. Cells werc
washed two times with serum- free media and adjusted to 3 x 10° viable.
nucleated cells/ml. Then 0.2 m) cells were added to the 1.8 ml aliquots of
culture media and the cells were thoroughly mixed with the media. Using
a tuberculin syringe fitted with a 21 g., 1 1/2" needle, triplicate 0.1 ml
volumes in 96-well, flat bottom culture plates and a single 0.5 ml volume
on a 35 mm Nucleopore 2 micron membrane in a 6-well culture plate were
aliquoted. Each specimen was cultured with four levels of Ep (0, 0.02.
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Microgravity. Rat Hematologic Parameters

0.2 and 1 u/ml), at 37°C in a highly humidificd atmosphere of 5% COj5 in
air.

The cultures were examined with an inverted microscope at 100x on
days 3, 5, 6, 7, and 8. Five to seven fields were scored for the presence of
CFU-E. and defined as colonies containing 6 or more cells in a tight cluster.

Statistical analyses were carried out by a multivariate analysis of vari.
ance (MANOVA) and by univariate ANOVAs, as well as three specific
multivariate contrasts.?3°?% All analyses were carried out at the Univer-
sity of Tennessee using SAS (TM) running under CMS on an IBM 4341 or
under VMS on a VAX 11/785.

RESULTS

The results of standard hematological tests are shown in Table 34.1. Note
that the small flight rats had statistically significant increases in the red
cell parameters of hematocrit, hemoglobin, and red blood cell count. The
percentage of lymphocytes was decreased and the percentage of neutrophils
were also significantly increased in the small flight rats.

Ep radioimmunoassay results were as follows: Flight = 15.440.8 mU/ml;
Preflight = 16.5 + 4.6 mU/ml; SIM Control = 19.0 + 3.7 mU/ml.

The results of bone marrow culture experiments in cells obtained from the
small rats are shown in Table 34.2 and Figure 34.1. In cultures treated with
0.02 units of Ep, highly significant increased numbers of colonies were found
on days 3. 6 and 7. In cultures treated with 1.0 u Ep, highly significant
increases in the flight group were found on each day the cultures were
examined.

DISCUSSION

Far fewer studies have been done on laboratory animals flown in mi-
crogravity than on human astronauts. However rats have been flown on
Cosmos flights 605, 690, 782, 036, and 1129. In the NASA program, five
pocket mice were flown on the 13-day flight of Apollo XVII and six specific
pathogen-free male Lewis Wistar strain rats were flown on the mid-deck of
STS-8.

In standard hematology tests of rats on Cosmos 936 and 1129, a leuko-
cytosis with lymphopenia and neutrophilia occurred during the acute post-
flight period and returned to control levels by three days.?"® Gazenko has
stated that rats flown aboard biosatellites displayed a decrease in erythro-
poiesis in bone marrow and spleen, a reduction of red cell survival time,
and a significant increase in spontaneous hemolysis in vitro.* However,
heinoglobin, erythrocyte-reticulocyte counts, and hematocrits did not es-
sentially differ from controls. Ilyin reported that rats flown on Cosmos 605
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TABLE 34.1. Hematology Values

sisatodosy)h13 jo uonyeinday

Large Rats
F(n=73 S(n="1)2 P(n=12) Vin=6)*

Het. % 453 %+ 1.8 424 136 443 %19 416 £15

Hbhg 7 159 + 1.8 142 1.2 152 *07 140 +£05

RRC 10'2/ 769 % 05 6§97 +09 6.75 +£06 668 +£0.2

M C VA 590 £ 165 61.3 £13.76 859 £35 629 +1.74

M. C H.pg 207 = 079 205 £ 118 2265 £ 1.53 21.0 +£0.22

M.C H.C. g/dl 5.1 £ 1.02 334 £051 344 £1.23 337 £0.71

Reticulocytes 7 886 + 0.25 1.06 £ 0.80 0.667 & 0.45 1.33+0.39

WRBC 10°/1 870 £ 24 903+ 1.4 904 £23 660 1.8

WRBC Differential %

Lyvmphocytes 772 X 58 8531 +6.0 825 +£69 8.3 +3.1

Monocytes 1.14 & 048 1.64 £ 048 2.50 +1.46 2.08 +£1.43
\-; FEosinophils 0.71 % 064 0.86 £ 0.75 208 +1.44 1.33 £ 0.82

Neutrophils 209 £+ 591 12.1 +£5.88 128 £5.23 104 £3.92

WRBC Ahsolute Counts 10°/1

Lymphocytes 667 + 1.66 7.73£1.51 740 £1.70 5.68 £ 1.51

Monocytes 010 £ 0.04 0.15 £ 0.05 0.22 011 0.15+0.12

Eosinophils 0.08 + 0.09 0.08 + 0.06 0.21 £0.20 0.08 + 0.04

Neutrophils 1.86 + 092 1.07 £ 0.46 1.21 £0.74 0.70 £ 0.37

Spleen Cell-Differential %

Small Lymphocytes . + 6.59 776 +43

Large Lymphocytes 171 % 6.26 21.3 4.1

Myeioid Cells 1.37 £ 0.55 06 +£05

Normahlasta + 0.25 05 04
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TABLE 34.1. Hematology Values (Conlinued)
Small Rats

(n=12) (n=12) (n=12) (n=12)
Het. % 436 + 1.34) 40.7 £ 1.56 383 171 420 t142
Hgb. g/dl 14.7 x 0628 13.5 +£0.43 134 1069 14.2 054
R.B. C. 10!?/] 6.46 + 042 5.85 + 0.29 5.14 +0.41 5.78 £ 032
M.C. V.1l 87.75 %+ J.46 69.7 +2.24 757 %329 727 £332
M. C. H. pg 2R+ 122 221 £ 1.02 26.1 101 246 0494
M.C. H. C. g/dl 336 + 1.23 331 2055 M5 20K 338 2065
Reticulocytes % 3.18 = 094 2.56 £ 1.05 522 1.0 3.07 £ 0M7
WBC 10°/| 788 + 1.77 7.89 £ 196 884 £1.78 7372143
WBC Differential %
Lymphocytes 778 t B.44% 898 +4.98 917 =324 91.2 £537
Monocytes 1.62 £ 1.1 1.17 £ 0489 0.54 045 1.1T+£ 089
Eosinophils 092 + 097 0.88 £ 0.68 1.21 £0.78 079075
Neutrophils 19.7 £+ 7.93% 8.21 £4.26 6.46 £ 291 6711495
Absolute Counts 10°/1
Lymphocytes 6.13 + 1.44 7.08+1.75 8.11 *1.68 677T+£193
Monocytes 0.13 = 0.08 0.10 £ 0.03 005 +£0.04 0.09 + Q.07
Eosinophils 008 + 0.09 0.07 £ 0.06 0.11 +0.08 0052005
Neutrophils 1.55 £+ 0.67% 0.65 + 0.37 0.56 +0.24 0451027
Spleen Cell Differential % F(n=6) S (n = 6)
Small Lymphocytes 787 £ 511 795 501
Large Lymphocytes 199 =+ 5.15 18.7 % 4.69
Myeloid Cells 1.20 £ 0.36 0.63 £ 0.50
Normoblasts 0.17 = 0.23 110+ 1.0
Bone Marrow Differential %
Immature Myeloid 923 £ 1.73 7.63£200
Mature Myeloid 166 + 2.6 14.9 £ 4.4%8
Eosinophils 440 £ 150 3.77+098
Reticulum Cells 057 £ 0.20 040 £0.25 °
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TABLF, 31.1. Hematology Values { Continued)

Small Rats (Continnued)

Bone Marrow Differential 7+ ( Continued) (n=12) (n=12)
Monocytes 030 £+ 0.21 0.27 £0.33
Tissue Basophils 010 £+ 017 017+0.20
Small Lymphocytes 34 2108 no +£539
Large Lymphocytes 910 £ 1.12 R.17 £ 0.64
Plasma Cells 007 + 016 003 +£008R8
Immature Erythroid 380 £ 1.52 5.07 £1.95
Mature Erythroid 246 £ 108 29R +4.54

'F = Flight rats

1§ = Simulated Controls

P = Pre-flight controls

‘V = Vivarium controls

Y = Significantly different than SIM controle
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Microgravity: Rat Hematologic Parameters

TABLE 34 2 Bone Marrow Erythrod

Colonies Obseeved un Different Days in Coltare
Ep DOSE 000 002 020 100
Day 3 F' 1560+1260 22704254 31104955 49 10 £ 10 Q0
C? 0750 £ 0631 267213 32801+955 T67T+ 289
p = 2025 p = 0001 p= 7317 p = 0001
Day 4/5F U056 +0136 383040723 767433 1160+ 414
C 003 +£0167 091710687 1420+ 455 32+ 129
p= 7791 p = 00603 p = .0353 p= 0017
Day 6 F 022240272 4060+1680 439+0838 867+ 301
C 0333+£0272 058340319 733+209 183+ 04)
= 5019 p = 0009 p= 0126 p = 0004
Day 7 F 005610136 3830+0782 5074194 6330+ 1740
C ND? 0083+0167 4581150 06671 0272
p= 4163 p = 0001 p = D289 p = 0002
Day 8 F ND 18304+£1700 2974113 4890+ 2210
C 016720192 0167 +£0192 50t1.10 0.167 £ 0§92
p = .598 p = 0241 p = .0289 p = .0002
'F = Flight

3¢ = Contral
IND = None Detected

showed no difference in hemoglobin, hematocrit, or red blood cell count.®
Numbers of reticulocytes were decreased, as was osmotic stability. A leuko-
cytosis and eosinophilia were found. LeBlanc (unpublished observations in
cats flown on STS-8) found that in flight animals there was an early post-
flight significant increase in red blood cell counts, hemoglobin, hematocrit,
and mean corpuscular volume. There was also an early increase in white
blood cell counts and the number of platelets.

In the present studies, the small flight animals demonstrated an increase
in the red cell parameters, a decrease in the percentage of lymphocytes, and
an increase in the number of neutrophils, as compared to control animals.
Although not statistically significant, the large flight rats had a higher mean
value than any of the controls for hematocrit, hemoglobin, and red blood
cell count. Univariate comparisons of flight rats with combined controls
found that the neutrophil percentages were higher for the flight group and
the lymphocyte percentages were lower. These data are comparable to the
results reported for animals flown on Cosmos 936 and 1129.3-3

The change in white blood cell parameters is probably due to stress re-
action. The administration of adrenalin causes a leukocytosis.2® Also, the
administration of intramuscular ACTH is followed by an increase in the
numbers of circulating neutrophils and a decrease of circulating lympho-
cytes and eosinophils.'®
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Regulation of Erythropoiesis
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Figure 34.1. Erythroid colonies on day 3 and day 6 of culture in response to the
following doses of erythropoietin: 0, 0.02, 0.20, and 1.0 U/ml. Clear bars are cultures
made from bone marrow of flight animals and stippled bars represent values of cultures
of bone marrow from control rats

Logistical cousiderations precluded the use of isotopes in the present
study. Therefore, it is not known whether the increase in red cell parame-
ters is absolute or possibly results from a decrease in plasma volume. The
flight animals averaged an intake of 35.8 m! fluid/day, while the controls
averaged 41.7. Most of the control values are thought to be high because of
leakage or because the animals played with the water delivery valves. In any
case, there was apparently enough water and a restricted supply of water
did not influence the data. On STS-8, fluid was provided through potatocs
kept in the cage and it was thought that a decreased plasma volume was a
possibility.
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Microgravity: Rat Hematologic Parameters

Thete were no statistical differences between fight and control animals
in the differential counts of spleen cells. Durnova et al” examined spleens
of rats exposed to a 22-day space flight. They found a decrease in spleen
weight and, on histological examination, a reduction of the number of lym-
phocytes and erythroid cells.

Several bone marrow examinations have been made on flight animals.
On Cosmos 605 rats, Ilyin reported a decrease in erythroblastic and lym-
phoid eletents with a small increase in inyeloblasts.® On rats fown on
Cosmos 936, no statistically significant changes in cell composition were
found, although the numbers of red blood cell precursors were somewhat
depressed.®®? In the pocket mice lown on Apollo XVII, Ellis et al,'® on
histological examination, found a decrease in the number of erythropoietic
cells in the bone marrow. In the present studies, no significant differences
were found in a comparison of the bone marrow differentials of flight and
control rats. However, the pattern of non-significant differences was of in-
terest in that the percentages of erythroid precursors were lower in the
flight animals than in the controls, while all the myeloid percentages were
higher in the flight animals. More future studies are indicated.

For the first time, on rats flown on SL-3, Ep mcasurements were made
on laboratory animals. No significant differences were found between con-
trol animals and flight animals. One of the reasons astronauts develop a
decrease in red cell mass could be due to decreased Ep production.?” Two
measurements have been made in astronauts. Legenkov et al?® found that
the Ep level in blood taken § to 18 hours after landing was 3 to 5 times
higher than the base level in three crew members and that the urinary
Ep level was elevated on day 0. They used a polycythemic mouse assay.
Leach and Johnson in their report on crewmen who flew on STS-9 found a
decrease in Ep in all three crew members.?? The decrease was not statis-
tically significant. Their Ep measurements were made in the mouse fetal
liver cell assay.

To the best of our knowledge, no previous studies of in vitro colony-
formation by bone marrow cells have been performed. CFU spleen were
tested on animals flown on Cosmos 605 and no deviations in either quantity
or differentiation capacity were found.®? When these tests were repeated
on Cosmos 936 rats, a decrease to 1/20 in the number of CFU-spleen was
found.*!! However, in contrast to the first experiment, the marrow was
stored for four to five and one-half days before being transplanted. In the
present studies, no difference was detected in the erythroid colony formation
by bone marrow cells of either flight or control animals without the addition
of Ep. At Ep dose levels of 0.02 U and '.0 U, flight animal cells formed
significantly more erythroid colonies. At the 0.20 U level, no statistically
significant differences were found. The reason for the differing response
at the 0.2 U level, as compared to the 0.02 and 1.0 level, is not known.
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Regulation of Erythropoiesis

However, it scems that the bone marrow of flight animals may demonstrate
increased sensitivity to the hormone Ep.

The experiments reported in this chepter point up the need for future
studies involving the usec of isotopes to measure red cell mass and plasma
volume. The Ep studies should be repecated and would have increased
importance if performed on samples collected in-flight. The clonal assays
need to be repeated. Isotope determinations, clonal assays, and Ep studies
are currently scheduled to be performed on SLS-1, which is manifested to
fly in January, 1990.

SUMMARY

1. Hematocrits, red blood cell counts, and hemoglobin elevations in flight
rats could result from a decrease in plasma volume.

2. The neutrophilia and lymphopenia in flight animals probably represented
a response to stress.

3. No significant changes were found in bone marrow differentials, spleen
cell differentials, or erythropoictin determinations for control and flight
anitals.

4. Bone marrow cells of flight animals demonstrated an increased sensitivity

to erythropoietin.

. The studies should be repeated with the use of isotopes and in-flight

measurements of hematologic parameters.

[S2}
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